The lateral fluidity of erythrocyte membranes. Temperature and pressure dependence.
The pressure and temperature dependence of the lateral and rotational fluidity of erythrocyte membranes was investigated by inserting the excimeric membrane probe 1'-pyrenedodecanoic acid (PDA) into the membranes of intact cells and measuring the probe excimer formation rate and the steady-state polarization of the monomer at pressures up to 2000 atm (2 kbar). At that pressure the lateral diffusivity of PDA was found to decrease by a factor of 10 and its emission anisotropy by a factor of 5 at 22 degrees C. At atmospheric pressure, the local lateral diffusion coefficient of PDA at 2 and 33 degrees C is 1.5 and 4.3 x 10(-8) cm2 s-1, respectively. The activation energy for probe translation was found to decrease from 6 to 3 kcal M-1 in going from atmospheric pressure to 2 kbar, while the entropy decreased by approx. 15 cal M-1 K-1, indicating greater lipid order at the high pressure. The experimental data are consistent with a 'free-area' model for the membrane, analogous to the free-volume model for nonassociated liquids. The lateral diffusivity of PDA was found to be proportional to the free membrane area and linear extrapolation to zero diffusivity indicates that at atmospheric pressure, the fractional free area of the erythrocyte membrane is 6%.